T he evaluation of patients with low back pain (LBP) is concentrated on medical history, a comprehensive physical examination, and spe cific diagnostic tests when deemed necessary for differential diagnosis. 7, 9, 12, 25, 26, 38 The majority of LBP is considered nonspecific, having no clear pathoanatomic cause 1, 3 ; however, one specific cause of LBP is lumbosacral radiculopathy. 6, 33 Known commonly as sciatica or lumbar radiculopathy, this condition has some unique defining characteristics. 24, 34 Most commonly the result of a herniated disc, patients with sciatica typically complain of LBP and radiating lower extremity symptoms, which are often described as sharp, piercing, throbbing, aching, or burning, along with dermatomal paresthesia. 22, 34 While the presence of radiating lower extremity symptoms is common to all patients with sciatica, lumbosacral radiculopathy is distinguished by the presence of objectively measurable nerve root injury, which is difficult to T T STUDY DESIGN: Cross-sectional diagnostic accuracy study.
T T OBJECTIVES:
To investigate the relationship between history and physical examination findings and the outcome of electrodiagnostic testing in patients with sciatica referred to physical therapy.
T T BACKGROUND:
Electrodiagnostic testing is routinely used to evaluate patients with sciatica. Recent evidence suggests that the presence of radiculopathy identified with electrodiagnostic testing may predict better functional outcomes in these patients. While some patient history and physical examination findings have been shown to predict the presence of disc herniation or neurological insult, little is known about their relationship to the results of electrodiagnostic testing.
T T METHODS: Electrodiagnostic testing was
performed on 38 patients with sciatica who participated in a randomized trial that compared different physical therapy interventions. The diagnostic gold standard was the presence or absence of radiculopathy, based on the results of the needle electromyographic examination. Diagnostic sensitivity and specificity values were calculated, along with corresponding likelihood ratios, for select patient history and physical examination variables. 
T T CONCLUSION:
In this investigation, the relationship between patient history and physical examination findings and the outcome of electrodiagnostic testing among patients with sciatica was not found to be statistically significant or clinically meaningful. However, given the small sample size and corresponding large CIs, these results should be considered with caution, recognizing that some of the history and physical examination variables may prove useful in future research. These findings suggest that electrodiagnostic testing is essential to identify the subgroup of patients with sciatica who have measurable nerve injury consistent with radiculopathy, which may be an important prognostic factor for recovery.
determine from the clinical examination alone. 14, 23, 34 Electrodiagnostic (EDX) testing, consisting of needle electromyography (EMG) and nerve conduction studies, is used to evaluate the integrity of the neuromuscular system, including upper and lower motor neurons, the neuromuscular junction, and skeletal muscle. 11, 14, 22, 23, 31 Conducted as an extension of the clinical examination, EDX testing is the primary method used to objectively measure and document pathological changes or injury to the neuromuscular system, including proximally located spinal nerve roots. 11, 14, 22, 23, 31 Clinicians employ EDX testing to evaluate patients with sciatica, 14, 23, 27 with particular emphasis on the results of the needle EMG examination, which has high diagnostic specificity in these patients. 9, 14, 23, 31 Research has demonstrated the relationship between some patient history and physical examination findings in patients with sciatica and the presence of disc herniation or nerve root impingement on diagnostic imaging. 4, 9, 12, 20, 27, 36, 39 However, few studies have investigated the relationship between patient history and physical examination findings and the results of EDX testing, particularly in patients with sciatica. 26, 39 Lauder et al, 26 in a multicenter design, investigated the relationship between history and physical examination findings and the results of EDX testing in patients with sciatica referred for EDX testing. Patients underwent testing by different examiners in 5 separate EDX laboratories. In contrast, patients in the present investigation were referred to outpatient physical therapy for treatment of sciatica and subsequently underwent EDX testing by a single examiner. Additionally, this investigation included movement-based physical examination tests commonly used by physical therapists clinically to aid in the assessment and classification of patients with LBP, including symptom peripheralization and/or centralization during lumbar spinal movements in standing. 2, 21 These differences in study design and patient population could prove to be clinically meaningful. Patients with sciatica referred to physical therapy may be clinically different from patients referred specifically for EDX testing, particularly if the nature, severity, and/or duration of symptoms influence the medical management of patients with sciatica. 15 This investigation helps, in part, to determine whether a meaningful difference exists among patients with sciatica referred to physical therapy, or whether patients with sciatica have a similar relationship between history and physical examination findings and EDX test findings regardless of setting.
Although EDX testing is routinely used to evaluate patients with suspected nerve root injuries, testing can be uncomfortable and expensive. However, recent studies have suggested that the presence of radiculopathy found on EDX testing may be a favorable prognostic factor for recovery. 5, 8 Therefore, establishing history and/or physical examination findings in patients with sciatica that could accurately predict the outcome of EDX testing would benefit patients and clinicians. The purpose of this study was to investigate the relationship between select patient history and physical examination findings and the outcome of EDX testing in patients with sciatica referred to physical therapy.
METHODS

Patients
P
atients with sciatica participating in a randomized clinical trial 16 comparing different physical therapy interventions were recruited for this investigation. These patients met the inclusion criteria for the randomized trial (TABLE 1) and consented to undergo EDX testing. Institutional Review Board approval of the study protocol was obtained from the University of Utah and Intermountain Healthcare (Salt Lake City, UT).
Design
For the purposes of this investigation, patients' baseline data were analyzed according to the presence or absence of radiculopathy, as determined by the needle EMG examination.
Study Procedures
Patients were recruited from physician and outpatient physical therapy clinics from March 2011 to February 2012. Eligible patients provided a separate written informed consent to undergo EDX testing. Baseline data collection was performed by a research assistant blinded to the patient's EDX testing results. EDX testing was conducted by a At baseline, patients rated how frequent and how bothersome, on average, their symptoms were during the previous week for the following variables: (1) LBP; (2) leg pain; (3) numbness or tingling in the leg, groin, or foot; (4) weakness in the leg or foot; and (5) LBP or leg pain while sitting. The frequency of these symptoms was rated as follows: 1, not at all; 2, very rarely; 3, a few times; 4, about half the time; 5, usually; and 6, almost always. The level of bothersomeness for those same symptoms was rated as follows: 1, not at all; 2, slightly; 3, somewhat; 4, moderately; 5, very; and 6, extremely. For analytic purposes, these values were dichotomized so that frequency and bothersomeness ratings of 4 or greater were coded as positive and ratings of 3 or less were coded as negative. This resulted in identifying patients whose symptoms occurred "about half the time" or more and patients whose symptoms were at least "moderately" bothersome. Physical Examination Procedures Physical examination variables thought to be clinically meaningful for the diagnosis of lumbosacral radiculopathy were chosen as variables for this analysis. 9, 13, 26 Patients were evaluated for signs of lumbosacral nerve root irritation, which included postural observation, adverse neural tension signs, diminished sensation, muscle weakness, and diminished muscle stretch reflexes. Patients' spinal posture was evaluated in standing, with the clinician recording their observation of alignment as being within normal limits or lateral trunk shift being present to the right or left. Straight leg raise and crossed straight leg raise testing was performed, with the examiner recording the range of motion. A positive test was reproduction of pain and/or paresthesia in the symptomatic limb at an angle of 70° or less. 16 Sensation to light touch was evaluated in both lower limbs for the L1 (inguinal area), L2 (anterior mid thigh), L3 (distal anterior thigh), L4 (medial lower leg/ foot), L5 (lateral leg/foot), and S1 (lateral side of foot) dermatomes, with findings recorded as within normal limits or diminished/absent. Manual muscle testing performed for both limbs evaluated hip flexion (L2-L3), knee extension (L3-L4), ankle dorsiflexion (L4), hallux extension (L5), and ankle eversion (S1-S2), with findings recorded as within normal limits or diminished. Quadriceps and ankle muscle stretch reflexes were evaluated in both limbs, with findings recorded as within normal limits or diminished.
Additionally, patients performed single or repeated trunk movements in standing, while the examiner inquired about changes in their symptom location. Changes in symptom location with trunk movements were defined as peripheralization, centralization, or unchanged. 16 Range of motion of the lumbar spine was measured using single inclinometer procedures with excellent reliability.
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EDX Testing Procedures All EDX tests were performed using a Cadwell Sierra Wave system (Cadwell Laboratories, Inc, Kennewick, WA). Patients underwent standardized peripheral sensory and motor nerve conduction studies, including F waves.
14,23 Monopolar needle EMG was performed on a standardized set of 6 muscles, with demonstrated reliability in patients with suspected lumbosacral radiculopathy, 8, 11, 13 and included the anterior tibialis, medial gastrocnemius, posterior tibialis, vastus medialis, biceps femoris short head, and the lumbar paraspinal muscles. Limb muscles were analyzed at rest and during volitional contraction. The lumbar paraspinal muscles were analyzed at rest only. Pathological findings at rest indicative of axonal loss included presence of increased insertional activity, positive waves, fibrillation potentials, and/or complex repetitive discharges. Pathological findings during volitional contraction indicative of axonal loss included presence of neuropathic motor unit potentials (eg, increased polyphasia, increased duration, increased amplitude) and/or abnormal motor unit recruitment (eg, increased or decreased).
Evidence of radiculopathy was defined by the presence of at least 1 of the following: (1) pathological findings at rest or during volitional contraction indicative of axonal loss in at least 2 muscles (including the lumbar paraspinal muscles) sharing a common nerve root but from different peripheral nerves, or (2) findings isolated to the lumbar paraspinal muscles when they could be reliably examined. 11, 13 Patients were classified as having clear, possible, or no evidence of radiculopathy. For analytic purposes, a final EDX impression was given for each patient by dichotomizing patients as having evidence or no evidence of radiculopathy based on the unmasked examiner's classification, which included consideration of the patient's medical history, physical examination, and results of the complete EDX test findings including peripheral nerve conduction testing. The insertional and resting needle EMG activity of 24 patients was digitally recorded and saved for masked review by 2 expert examiners board certified in clinical electrophysiology by the American Board of Physical Therapy Specialties. The unmasked examiner's final EDX impression, which included knowledge of the patient's history, physical examination, and complete EDX test results, served as the gold standard for all calculations. 8 Pairwise examiner comparisons for the final EDX impression using the Cohen kappa statistic revealed substantial agreement (κ = 0.75; 95% confidence interval [CI]: 0.48, 1.00; P<.0001) between the unmasked exam-iner and masked examiner A, moderate agreement between the unmasked examiner and masked examiner B (κ = 0.53; 95% CI: 0.24, 0.81; P = .002), and moderate agreement between the masked examiners (κ = 0.43; 95% CI: 0.11, 0.76; P = .010).
Statistical Analysis
PASW Statistics for Windows Version 18.0 (SPSS Inc, Chicago, IL) was used to organize and summarize all data and generate 2-by-2 tables for further analysis. Data screening ensured that statistical assumptions for inferential analysis were met. Listwise deletion was used for any variables missing for a specific patient. Diagnostic sensitivity and specificity values and the corresponding likelihood ratios (LRs) were calculated with 95% CIs by inputting the data from the 2-by-2 tables into an online application (http://www.vassarstats.net/clin1. html). 28 A value of 0.5 was added to any cell containing zero in order to calculate LRs. 39 Consistent with previous studies, 26, 39 patient history and physical examination variables, whether analyzed individually or in combination, were considered separate diagnostic tests for the presence or absence of lumbosacral radiculopathy. Results of the needle EMG examination and formulation of the final EDX impression served as the diagnostic gold standard for further analysis. The minimum acceptable diagnostic accuracy was a positive LR (+LR) of 2.0 or greater or a negative LR (-LR) of 0.5 or less. 39 These values would result in an approximate posttest change in the diagnostic probability for the presence or absence of lumbosacral radiculopathy of at least 15%. 17, 29 Meaningful shifts in posttest diagnostic probabilities require a +LR of 10.0 or greater or a -LR of 0.1 or less, which would result in at least a 45% change in the diagnostic probability for the presence or absence of lumbosacral radiculopathy.
17,29
RESULTS
Patients
F orty-seven patients were screened for inclusion in this analysis. Seven patients declined to undergo EDX testing, and 2 patients consented but did not complete testing (FIGURE). Thirty-eight patients who met the selection criteria, consented to participate, and completed EDX testing were included in the analysis (TABLE 2) . Based on the results of EDX testing, evidence of radiculopathy was clear in 18 patients (47.4%), possible in 3 patients (7.9%), and not found in 17 patients (44.7%). To arrive at a final EDX impression, the 3 patients with possible radiculopathy were dichotomized as showing evidence or no 
Patient History Findings
Diagnostic Sensitivity and Specificity
The diagnostic sensitivity and specificity values, along with the corresponding LRs, for select patient history variables are detailed in 
Neurological Physical Examination Findings
Diagnostic Sensitivity and Specificity
The diagnostic sensitivity and specificity values, along with the corresponding LRs, for select neurological physical examination variables are detailed in 
Observational and Movement-Based Physical Examination Findings
Diagnostic Sensitivity and Specificity
The diagnostic sensitivity and specificity values, along with the corresponding LRs, for select observational and movement-based physical examination variables are detailed in 
DISCUSSION
T his study investigated the relationship between select patient history and physical examination findings and the outcome of EDX testing in patients with sciatica referred to physical therapy. Overall, the results of this investigation revealed generally moderate to poor diagnostic sensitivity and specificity values for all patient history and physical examination variables, whether they were examined individually or in combination. This is further evidenced by the fact that point estimates of only 2 +LR values and 1 -LR value reached even marginally acceptable levels (ie, 2.0 or greater and 0.5 or less, respectively), and none of the point estimates of the variables examined individually or in combination reached values considered clinically meaningful (ie, 10.0 or greater and 0.1 or less, respectively). 17, 29, 39 Although the history and physical examination variables analyzed in this study, whether examined individually or in combination, failed to provide meaningful information about the outcome of a patient's EDX testing, it should be noted that diagnosis in clinical practice is rarely a function of a single test or variable. 7 Therefore, a different or more comprehensive combination of these variables could prove to be more meaningful or diagnostically accurate.
The diagnostic sensitivity and specificity values in this investigation are generally comparable to those measured in the study by Lauder et al, 26 which also revealed high sensitivity values for sensory, motor, reflex, and neural tension variables, particularly when examined in combination. The most notable difference was found in straight leg raise testing. In this investigation, the diagnostic sensitivity and specificity values for straight leg raise testing were 72% and 16%, respectively. In the study by Lauder et al, 26 these values were 19% and 84%, respectively. The reason for these differences is unclear. The values in this investigation more closely match those of previous investigations, which suggests that straight leg raise testing is more sensitive than specific in patients with suspected lumbosacral radiculopathy. 4, 9, 12, 20, 32 The values for diagnostic sensitivity and specificity for crossed straight leg raise testing in this investigation were 11% and 84%, respectively, values also consistent with previously published reports. 4, 9, 12, 20, 35 While both studies included patients with sciatica, the study by Lauder et al 26 consisted of consecutive patients referred for EDX testing, whereas the patients in this investigation were referred to physical therapy and consented to undergo EDX testing as part of their participation in a randomized clinical trial. Whether this resulted in meaningful differences between study populations is unclear, but the lead author of the aforementioned study 26 expressed concern for selection bias in discussing her results.
The only 2 variables with point estimates generating +LR reaching a mar- ginally acceptable level of 2.0 or greater were having an S1 dermatomal deficit and having a diminished ankle reflex, which generated +LR values of 2.33 (95% CI: 0.71, 7.70) and 2.00 (95% CI: 0.72, 5.53), respectively. Assuming a pretest probability of having lumbosacral radiculopathy of 10%, 33,34 a patient with an S1 dermatomal deficit would have a posttest probability of having radiculopathy of approximately 20%. 17 The only variable to generate a -LR value reaching a marginally acceptable level (0.5 or less) was patients with combined sensory, motor, and reflex deficits, with a -LR value of 0.50 (95% CI: 0.03, 8.10), a negative test resulting in a posttest probability of having radiculopathy of approximately 5%. These values do not generate particularly meaningful changes in probability for the diagnosis of lumbosacral radiculopathy.
A sensitivity analysis was performed to reclassify the 3 patients who were considered as having "possible" radiculopathy into the opposite categories from the above analysis. This reclassification did not materially change the findings, with most values virtually unchanged, falling within 5% of the original values. Additional analysis was performed to investigate the potential impact of some variables found to be different between groups at baseline, namely, duration of current episode, patient age, and Oswestry scores (TABLE 2). The challenge of including continuous variables as factors in this type of analysis is how to properly dichotomize them. The longitudinal analysis of the data from which these baseline data were taken revealed that the presence of radiculopathy found on needle EMG was a prognostic factor for recovery. However, these differences were not explained by any of the above variables, including the most disparate factor at baseline-duration of current episode. For the purpose of investigating the role these variables might play in the overall results, duration of current episode was dichotomized as acute (90 days or less) and chronic (greater than 90 days). The resulting diagnostic sensitivity and specificity values for the presence of lumbosacral radiculopathy were 0. Because the presence or absence of lumbosacral radiculopathy was found to be a prognostic factor for recovery in the longitudinal analysis of these data, these baseline differences are likely attributable to grouping patients based on a factor that was demonstrated to predict prognosis, but are not factors that independently predict prognosis themselves. Overall, this investigation revealed that the relationship between select patient history and physical examination findings-considered individually or in combination-and the outcome of EDX testing in patients with sciatica was not statistically significant or clinically meaningful. In the end, 17 of 38 (44.7%) patients in this investigation with combined sensory, motor, and reflex deficits had normal needle EMG examinations. Furthermore, 1 (2.6%) patient without a single sensory, motor, or reflex deficit had measurable nerve injury on needle EMG suggestive of lumbosacral radiculopathy. In the study by Lauder et al, 26 15% of patients with normal physical examination findings had abnormal needle EMG findings suggestive of radiculopathy. Therefore, based on the results of this investigation, EDX testing provides unique and valuable information in patients with sciatica.
Some limitations have been identified in this investigation. Because of the limited number of patients in this study, statistical imprecision was a concern and resulted in relatively wide CIs around the reported point estimates.
19 Despite a small number of patients, the average width of the 95% CI and the ratio between the 95% CI and the point estimate value in this investigation were comparable to the results of a study by Wainner et al, 39 a similar study of 82 patients with cervical radiculopathy. Although the precision of the results of this investigation could be improved, the results appear to be sufficiently precise, given the nature of the testing performed and the limited number of published studies on the topic, to add meaningfully to the literature.
Although every effort was made to complete a patient's EDX testing within the first 2 weeks of the intervention period to capture findings related to the current episode of LBP, the average time to complete testing from baseline was 2.5  1.8 weeks, ranging from 4 days to 8.6 weeks. Despite some patients being tested outside of the desired 2-week time frame, within which patients received study-related physical therapy treatment, the nature of axonal-loss injuries allowed for flexibility in the timing of measurement because the evidence of nerve injury on needle EMG has been found to remain months and even years after initial insult. 14, 22, 31 Another potential limitation of this investigation is that baseline history and physical examinations were performed by multiple examiners in multiple clinical locations as part of a randomized clinical trial. Although the principal investigator (N.J.S.) obtained patient history and conducted a physical examination prior to performing EDX testing, these findings were not recorded, nor were these procedures standardized like those used at baseline data collection. All examiners were licensed physical therapists trained to follow specific study protocols for data collection and performance of the baseline examinations, including postural observation and neurologic and physical examinations. 16 This strengthens the generalizability of the findings of this investigation but may weaken the internal validity.
A final potential limitation of this investigation is misclassification of the final EDX impression. Although not all radiculopathies can be confirmed on needle EMG, even when a patient's signs, symptoms, and imaging findings suggest that radiculopathy may be the diagnosis, the EMG screening examination used in this study has been demonstrated to identify 98% to 100% of EMG-confirmable radiculopathies (ie, those with motor axonal loss or motor conduction block). 12, 13 This is significant in terms of this investigation because it improves the likelihood that patients were properly classified based on the results of their EDX testing. In this investigation, 19 of 38 (50.0%) patients were classified as having evidence of radiculopathy, a percentage that is consistent with previous research 5, 8, 15, 26 ; therefore, the likelihood that patients were misclassified based on their EDX test findings is low, given the demonstrated effectiveness of the 6-muscle EMG screening examination used in this study for identifying EMG-confirmable radiculopathies. 12, 13 The results of this investigation are likely clinically meaningful because they suggest that the relationship between select patient history and physical examination findings and the outcome of EDX testing is weak and appears to be of limited clinical usefulness. Obtaining patient history and conducting the physical examination are noninvasive and relatively pain-free processes that can help ascertain whether a patient with LBP or sciatica requires further diagnostic testing. Although EDX testing can be expensive and uncomfortable for patients, the findings of this investigation suggest that such testing may be necessary to identify the presence of lumbosacral radiculopathy. This is particularly important for patients with symptoms of sciatica if the presence of nerve injury found on EDX testing consistent with lumbosacral radiculopathy is found to be a favorable prognostic factor for recovery, as some recent studies have suggested.
